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-0biective: To review the literature on the cir- 
cadian rhythm of blood pressure during pregnancy. 
Data Sources: Computerized searches on 
MEDLINE, CINAHL, and MIRLYN. 
Study Selection: Selected studies from 1 969 to 
1997 were evaluated. 
Data Extraction: Data were extracted and 
information was organized under the following 
areas: definition of and the interconnection between 
circadian rhythm and blood pressure; the circadian 
variability of blood pressure throughout the 
trimesters; the patterns of the circadian rhythm of 
blood pressure in pregnancies defined as normal 
and those complicated by chronic hypertension and 
preeclampsia; and clinical implications. 
Data Synthesis: The circadian rhythm of blood 
pressure in pregnancy i s  the same as in the non- 
pregnant state, with a nocturnal decrease, especial- 
ly during sleep. In patients with chronic hyperten- 
sion, the nocturnal fall in blood pressure may be 
steeper. Patients with mild preeclampsia may expe- 
rience a less pronounced nocturnal decrease in 
blood pressure. Patients with severe preeclampsia 
may display a reversed circadian rhythm, with no 
decrease and/or an increase in nocturnal blood 
pressure. 
Conclusions: The patterns of the circadian 
rhythm of blood pressure during normal pregnancy 
and pregnancies complicated by chronic hyperten- 
sion and preeclampsia warrant consideration when 
monitoring patients and implementing management 
plans. JOGNN, 29, 500-508; 2000. 
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Continuous monitoring of blood pressure 
throughout the day and night reveals that blood 
pressure values form a characteristic circadian 
pattern. In women with normal pregnancies, sig- 
nificant decreases in systolic and diastolic pres- 
sures are noted at night, with minimum values 
typically occurring between midnight and 4:OO 
a.m. The pressures increase during the waking 
hours, reaching a maximum by late evening 
(Delea, 1979; Sawyer, Lipshitz, Anderson, Dilts, 
& Halperin, 1981; Weber, Drayer, Nakamura, & 
Wyle, 1984). 
A circadian rhythm is the regular recurrence 
of any phenomenon that retains a periodicity or 
rhythmicity of approximately 24 hours under con- 
stant conditions (Clancy & McVicar, 1994; Hon- 
nebier & Nathanielsz, 1994; Miller & Keane, 
1987). Many biologic phenomena, such as body 
temperature, endocrine function, and uterine 
activity, demonstrate circadian rhythmicity 
(Smeltzer & Bare, 1992). 
The genesis of circadian rhythm is endoge- 
nous and exists as a physiologic system measuring 
time, a biologic clock (Dunlap et al., 1995). Thus, 
the rhythms persist in the absence of environmen- 
tal time cues (Minors & Waterhouse, 1981; 
Moore-Ede, Sulzman, & Fuller, 1982). The 
human circadian rhythm has a free-running peri- 
od of about 25 hours, which is subsequently 
entrained or modified via environmental cues to 
fit within the 24-hour solar day (Arendt, Minors, 
& Waterhouse, 1989; Clancy & McVicar, 1994; 
Minors & Waterhouse, 1981; Moore-Ede et al., 
1982; Seron-Ferre, Ducsay, & Valenzuela, 1993). 
In 1954, Aschoff coined the term zietgeber, which 
means time-giver, to denote the environmental 
signals that provide cues to synchronize the circa- 
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dian rhythm (Binkley, 1990; Seron-Ferre et al., 1993; 
Tolstoi, 1994). Social cues and the light-dark cycle 
influence circadian rhythms in humans. 
The suprachiasmatic nuclei (SCN) of the hypo- 
thalamus serves as the pacemaker for circadian 
rhythms, where signals from the environment are inte- 
grated to adjust the rhythm to approximately 24 hours 
(Clancy & McVicar, 1994; Efinger, Nelson, & Walsh- 
Starr, 1995; Gillette et al., 1995; Ralph & Hurd, 1995; 
Seron-Ferre et al., 1993). A specialized retinohypothal- 
amic tract links the retina to these nuclei, thus forming 
a nonvisual photoreceptic system that synchronizes the 
circadian pacemaker with the light-dark cycle in the 
environment (Czeisler et al., 1990). Timing information 
is then conveyed to the rest of the organism, and the 
result is a circadian rhythm composed of exogenous and 
endogenous components. 
Blood Pressure 
Like other physiologic phenomena, blood flow 
possesses rhythmicity. This rhythmicity is measured by 
heart beats for frequency and by blood pressure for 
intensity. Blood pressure and heart beat are two of the 
physiologic parameters most commonly measured by 
nurses. Blood pressure is defined as the pressure of the 
blood against the walls of the blood vessels during one 
complete beat of the heart (Miller & Keane, 1987). 
Blood pressure is affected by cardiac output; dilatation 
of the arteries; and the volume, velocity, and viscosity of 
the blood (Smeltzer & Bare, 1992). Individual demo- 
graphic variables such as age, gender, race, socioeco- 
nomic status, occupation, and education also influence 
blood pressure (Thomas & Dekeyser, 1996). 
Blood pressure is expressed as the systolic pressure 
(the peak pressure occurring when the ventricles of the 
heart contract) over the diastolic pressure (the lowest 
pressure occurring when the ventricles of the heart are 
resting) (Miller & Keane, 1987). The normal adult val- 
ues range from 100/60 mm Hg to 140/90 mm Hg, with 
an average normal blood pressure of 120/80 mm Hg 
(Miller & Keane, 1987; Smeltzer & Bare, 1992). The 
mean arterial pressure (MAP) expresses the pressure 
driving blood into the tissues averaged over the entire 
cardiac cycle and is defined as (systolic blood pressure + 
diastolic blood pressure x 2)/ 3. Blood pressure readings 
can be obtained by indirect (noninvasive use of a sphyg- 
momanometer and stethoscope) and direct (insertion of 
an arterial catheter into an artery) methods of measure- 
ment. Direct methods are more accurate and less subject 
to error, but are invasive and require strict monitoring 
of the patient. 
Ambulatory blood pressure monitoring is an indi- 
rect measure which allows continuous monitoring in a 
nonclinical environment. This method is gaining accep- 
tance as a tool for early diagnosis of hypertension and 
cardiac conditions (Perloff, Sokolow, & Cowan, 1983). 
The data produced from this method portray the actual 
circadian pattern of blood pressure (Weber et al., 1984). 
Ambulatory recordings enable the clinician to take into 
account the variability of blood pressure throughout a 
24-hour period and distinguish between patients with a 
“white coat syndrome” of elevated pressures and those 
with true hypertension (Ferguson, Neubauer, & Sharr, 
1994). 
Twenty- four hour monitoring 
provides multiple data points to 
portray the circadian pattern of blood 
pressure in the pregnant woman. 
Circadian Rhythm of Blood Pressure 
While it is recognized that blood pressure is 
affected by a circadian rhythm, the effects of this 
rhythm have not been well explored in nursing risk 
assessment or research. According to Seligman (1971) 
and Delea (1979), studies on the variability of blood 
pressure began at the end of the 1800s. By 1898, with 
the use of the newly designed sphygmomanometer, 
researchers found that blood pressure changed depend- 
ing on whether the subject was sleeping, resting, or 
working. 
Blood pressure fluctuates throughout the day and 
night. The duration of the fluctuations may be short, 
from seconds to minutes; or long, from day to night 
and season to season (Weber et al., 1984). The most 
easily noted and significant blood pressure variations 
are the diurnal changes related to the sleep-wake cycle 
(Coca, 1994; Weber et al., 1984). The pattern of blood 
pressure values obtained during the sleep-wake cycle 
form a characteristic circadian rhythm. Continuous 
monitoring of blood pressure throughout the day and 
night reveals a pattern with minimum values of systolic 
and diastolic pressures between midnight and 4:OO a.m. 
The pressures increase during the waking hours, 
remaining at a plateau for several hours and then 
reaching a maximum value by late evening. Blood pres- 
sure returns to its minimum values early in the morn- 
ing (Delea, 1979; Minors & Waterhouse, 1981; Sawyer 
et al., 1981; Weber et al., 1984). This diurnal blood 
pressure fluctuation is altered in certain disease states, 
such as preeclampsia and chronic hypertension (Baum- 
gart, 1991). 
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Circadian Blood Pressure Variation 
Throughout Pregnancy 
Maternal cardiovascular adaptation to pregnancy 
involves sizable change throughout the trimesters. Preg- 
nancy relaxes peripheral vascular resistance, in part 
because of increased progesterone, a smooth muscle 
relaxant (Blackburn & Loper, 1992; Cruikshank, Wig- 
ton, & Hays, 1996). This reduction in vascular resis- 
tance results in a fall of systemic arterial blood pressure. 
In healthy pregnant women, the systolic and dias- 
tolic blood pressures begin to fall during the 1st 
trimester, continuing to decrease until midpregnancy (an 
average of 5 to 10 mm Hg for systolic and 10 to 15 mm 
Hg for diastolic pressure) and then gradually return to 
nonpregnant baseline levels by the end of the gth month 
(Ayala, Hermida, Cornelissen, Brockway, & Halberg, 
1994; Ayala, Hermida, Mojon, Fernandez, & Iglesias, 
1997; Ferguson et al., 1994; Gallery, Hunyor, Ross, & 
Gyory, 1977; MacGillivray, Rose, & Rowe, 1969). 
In 1993, Contard et al. used an ambulatory mon- 
itoring device to study blood pressure in women with 
normal pregnancies. The circadian variation of arterial 
pressure during each trimester of pregnancy was 
observed. Forty-eight women were included in the study 
(19 nulliparae and 29 multiparae), and blood pressure 
measurements were obtained at 3, 6, and 9 months of 
gestation. Although a mid-pregnancy value was not 
obtained, the researchers found that during a normal 
pregnancy, 24-hour recordings display a pattern with 
the lowest blood pressure noted during the 1st trimester, 
a minimal increase noted during the 2nd trimester, and 
an incremental rise during the last trimester. Blood pres- 
sures were found to rise during the day and fall at night 
for each trimester of pregnancy. A mean nighttime 
decrease in arterial pressure averaging 15 70 was noted 
in all participants during each trimester. In addition, a 
decrease in systolic blood pressure of at least 10% was 
noted in all participants during each trimester. 
Reeclampsia appears to interfere 
with the normal decrease in blood pressure 
at night, sometimes resulting in no decrease 
or even an increase. 
It is generally abnormal for a woman's blood pres- 
sure to increase during pregnancy. In women with 
chronic hypertension, failure of the blood pressure to 
decrease during the first two trimesters is an unfavor- 
able prognostic sign (Consensus Report, 1990). In 
women with preeclampsia or gestational hypertension, 
blood pressure increases throughout the second half of 
pregnancy (Hermida et al., 1997). Furthermore, 
preeclampsia appears to interfere with the expected 
decrease in blood pressure at night, sometimes resulting 
in no decrease or an increase. 
Circadian Rhythm of Blood Pressure 
During Pregnancy 
Seligman (1971) used an automatic cuff-type 
recorder to study diurnal blood pressure variations in 
pregnant women. Thirty pregnant women were includ- 
ed in the study: 10 normotensive, 10 with chronic 
hypertension, and 10 with preeclampsia. Data were col- 
lected in the hospital for all participants. Although ges- 
tational ages and precise values for each participant in 
the Seligman study were not cited, four illustrations of 
24-hour blood pressure recordings were included: a 
normal pregnancy at 32 weeks (see Figure 1); severe 
chronic hypertension at 31 weeks (see Figure 2); 
preeclampsia at 32 weeks (see Figure 3), and severe 
preeclampsia at 35 weeks (see Figure 4). Nighttime 
sedation was omitted or given as nitrazepam, which has 
no effect on blood pressure. Seligman found that (a) in 
normal pregnancy, blood pressure falls during sleep as it 
does for nonpregnant women; (b) a similar pattern 
exists in pregnant women with chronic hypertension, 
although the blood pressure fall during sleep is greater 
than in normotensive women; and (c) in women with 
preeclampsia, the degree of the fall in blood pressure 
during sleep is reduced. Seligman found that the noc- 
turnal decrease in blood pressure as a percentage of the 
highest systolic reading was 30% in the women with 
preeclampsia compared with 55% in women with 
chronic hypertension and 50% in normotensive 
women. 
Redman, Beilin, and Bonnar (1976) used an ultra- 
sound device that detected arterial wall movements and 
provided automatic 24-hour blood pressure readings. 
Participants were 9 normotensive women and 9 women 
with untreated chronic hypertension who were 
observed at 28 and 36 weeks gestation, as well as 17 
women with severe preeclampsia (hypertension with 
either proteinuria or renal impairment) observed at var- 
ious times during pregnancy. Some of the participants 
with severe preeclampsia received antihypertensive 
medications. The findings confirmed that blood pres- 
sure reaches the lowest point at night in normotensive 
and hypertensive women. The mean nocturnal fall for 
the diastolic pressures of normotensive and chronic 
hypertensive women at 28 weeks of gestation were sim- 
ilar (-4.8 mm Hg and -6.0 mm Hg, respectively). The 
systolic blood pressure profiles of the women with 
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FIGURE 1 
Twenty-four hour smoothed record of blood pressure during normal pregnancy at 32 weeks gestation. From “Diurnal Blood- 
Pressure Variation in Pregnancy,” by s. A. Seligman. 1971, ]ournu1 of Obstetrics and Gynaecology of the  British Common- 
wealth, 78, p. 418. Reprinted with permission. 
chronic hypertension, however, revealed a significantly 
greater fall, -16.3 mm Hg compared with -11.7 mm Hg 
in the normotensive women. Ten of the seventeen 
women with severe preeclampsia showed a reversal of 
the normal diurnal blood pressure pattern, with the 
highest systolic and diastolic pressures recorded at 
night. This reversed circadian rhythm was found to be 
independent of antihypertensive drug administration. 
All three groups were confined to bed except to use the 
toilet. Although location was not documented in the 
Redman et al. study, it seems reasonable to infer that the 
measurements were made in the hospital. 
In 1980, Murnaghan, Mitchell, and Ruff used 
radial cannulation to obtain continuous direct arterial 
blood pressure recordings in pregnant women. The par- 
ticipants consisted of 16 normotensive women, 15 
untreated chronic hypertensive women, 24 chronic 
hypertensive women receiving antihypertensive medica- 
tion, and 8 women with severe preeclampsia and pro- 
teinuria. In the women with preeclampsia, the nocturnal 
blood pressure fall was markedly smaller than in the 
normotensive and chronically hypertensive women, 
despite adequate nighttime sedation resulting in uninter- 
rupted sleep. No clear circadian pattern was found in the 
preeclamptic group. In contrast to Seligman’s findings, 
the normotensive and chronic hypertensive gravidae 
showed a comparatively similar blood pressure pattern. 
Sawyer et al. (1981) used the DINAMAP (device 
for indirect noninvasive automatic mean arterial pres- 
sure) apparatus to compile 24-hour blood pressure pro- 
files for the mean arterial, systolic, and diastolic pres- 
sures. Three groups of 15 women in their 3rd trimester 
were studied: normotensive, chronically hypertensive, 
and those with mild preeclampsia (blood pressure at or 
above 160/110 with proteinuria and/or edema). Nine of 
the women with chronic hypertension had been placed 
on antihypertensive medications prior to the study, but 
were admitted to the hospital for uncontrolled blood 
pressure and thus included in the study. None of the 
women with mild preeclampsia received antihyperten- 
sive medication during the study. The results of the 
Sawyer et al. study confirm Seligman’s (1971) findings 
and are similar to other reports. Compared with the sys- 
tolic blood pressure fall in normotensive women, the 
fall in the women with chronic hypertension was signif- 
icantly greater during sleep and significantly less in 
women with mild preeclampsia. Although the diastolic 
pressure fell during the night as well, no significant dif- 
ference was found among the three groups. The circadi- 
an rhythm was abolished in the two participants with 
severe preeclampsia. These women experienced no 
decrease or increase in blood pressure during sleep. 
Halligan, Shennan, Lambert, deSwiet, and Taylor 
(1996) used the Spacelabs 90207 (Spacelabs, Redmond, 
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FIGURE 2 
Twenty-four-hour smoothed record of blood pressure in a case of severe chronic hypertension at 31 weeks gestation. From 
“Diurnal Blood-Pressure Variation in Pregnancy,” by S. A. Seligman. 1971, Journal of Obstetrics and Gynaecology of the 
British Commonwealth, 78, p. 419. Reprinted with permission. 
WA) ambulatory blood pressure monitor to evaluate the 
diurnal blood pressure variation in women with normal 
pregnancies and those complicated by preeclampsia. 
Twenty-four normotensive women and 24 women with 
untreated preeclampsia were studied at a mean gesta- 
tional age of 35 weeks. The observations confirmed the 
findings of previous work describing the diurnal varia- 
tion of blood pressure. Halligan et al. (1996) found that 
in normal pregnancy there was a fall in blood pressure, 
especially during sleep. In the women with preeclampsia, 
the mean blood pressure was higher than in the nor- 
motensive women, thus the phenomenon of nocturnal 
hypertension also was confirmed. The mean day-night 
difference for diastolic blood pressure was found to be 
greater for normotensive women (17.2 mm Hg) than for 
women with preeclampsia (9.0 mm Hg). The mean day- 
night difference for systolic blood pressure displayed a 
similar effect, with a greater difference for normotensive 
women (15.7 mm Hg) than for women with preeclamp- 
sia (9.4 mm Hg). The Halligan et al. study did not report 
on any lifestyle differences between the test and control 
groups during data collection. It was not mentioned 
whether the control group was asked to follow the 
lifestyle of the test group, such differences might have 
affected the participants’ circadian rhythm. This fact 
notwithstanding, these values indicate that the blood 
pressure fall at night was greater in the normotensive 
women and smaller in the women with preeclampsia. 
Clinical Implications 
Circadian rhythm plays an important role in indi- 
vidual health. By understanding how circadian rhyth- 
micity affects the measurements of blood pressure in 
women with preeclampsia and chronic hypertension, 
health care professionals will be able to better interpret 
diagnostic data, decide upon the best method of treat- 
ment, and determine the most effective times to treat 
disease processes (Tolstoi, 1994). 
First, the daily blood pressure variability is an 
important physiologic and clinical feature of individual 
well-being. The possibility of error cannot be overem- 
phasized when using a casual measurement to identify 
hypertensive conditions (Ayala et al., 1994; Ferguson et 
al., 1994; Hughes, 1989; Portaluppi, Waterhouse, & 
Minors, 1996). Knowledge of circadian rhythm endors- 
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FIGURE 3 
Twenty-four hour smoothed record of blood pressure in a case of preeclampsia at 32 weeks gestation. From “Diurnal Blood- 
Pressure Variation in Pregnancy,” by S. A. Seligman. 1971, Journal of Obstetrics and Gynaecology of the British Common- 
wealth, 78, p. 420. Reprinted with permission. 
es the clinical practice of taking at least two measure- 
ments at a minimum of 6 hours apart to diagnose 
hypertensive disorders during pregnancy. This knowl- 
edge can be applied as evidence for professional nursing 
practice. The night-shift nurse on a labor and delivery 
unit, for example, can emphasize consideration of the 
circadian rhythm when reporting low blood pressure 
measurements to the next shift. Serial measurements 
obtained over a 24-hour period provide clinicians with 
a profile of the patient’s daily blood pressure pattern. 
Second, researchers have found that 24-hour mon- 
itoring of blood pressure during pregnancy provides 
clinicians with multiple data points for the analysis of 
normal and abnormal circadian blood pressure patterns 
(Benedetto et al., 1994; Ferguson et al., 1994; Halligan 
et al., 1996). Because the adverse effects of cardiovas- 
cular conditions are better related to whole-day blood 
pressure readings, the inclusion of ambulatory blood 
pressure monitoring in clinical practice can aid in risk 
assessment. For example, data on 24-hour blood pres- 
sure rhythms have been collected in hospital environ- 
ments. It is not known to what extent the hospital envi- 
ronment contributes to the alteration of circadian 
rhythm. Under the current health care system, more 
women with high-risk conditions are being monitored 
at home. Ambulatory monitoring with telecommunica- 
tion systems enables nurses to monitor such women at 
home. These systems may assist nurses in examining to 
what extent hospital as well as home environments can 
be adjusted to women’s needs, so that women at risk 
can stay where they feel most comfortable. 
Third, researchers studying chronopharmacology, 
the study of the influence of biologic rhythms on med- 
ication pharmacokinetics, effectiveness, and toxicity 
(Aherne, 1989; Tolsoi, 1994), suggest that the circadian 
rhythm of physiologic functions, including blood pres- 
sure, can influence the effectiveness of drug therapy. For 
example, a patient with severe preeclampsia may expe- 
rience a reversed circadian rhythm with an increase in 
blood pressure during the night or a chronically hyper- 
tensive patient may have a greater decrease in blood 
pressure during sleep. Such patients may benefit from 
the delivery of medication at certain times of the day. In 
addition, women on bed rest often are placed in a dark- 
ened room 24-hours a day. To what extent does this 
practice alter their circadian rhythms and interfere with 
the effectiveness of medication? It is not known whether 
health care providers are helping or hindering the pos- 
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FIGURE 4 
Twenty-four hour smoothed record of blood pressure of more severe preeclampsia at 35 weeks gestation. From “Diurnal Blood- 
Pressure Variation in Pregnancy,” by S. A. Seligman. 1971, Journal of Obstetrics and Gynaecology of the British Common- 
wealth, 78, p. 421. Reprinted with permission. 
sible decrease in pressure by omitting the dayhight vari- 
ation. Therefore, antihypertensive therapy should be 
adapted to the demands of blood pressure variability 
(Oney & Meyer-Sabellek, 1990). 
W o m e n  with high-risk pregnancies 
often are placed on bed rest 24 hours 
a day in a darkened room. To what extent 
does this practice alter the circadian rhythm 
and interfere with the effectiveness 
of medication? 
Finally, considering the cost of ambulatory serial 
measurements, clinical randomized research is needed 
to identify high-risk populations. On the basis of such 
studies, women at  risk can be targeted for preventive 
treatment and nursing management. 
Conclusion and Future Research 
The studies presented on the circadian rhythm of 
blood pressure during pregnancy have been conducted 
with differing methods of measurement, under differ- 
ing conditions, yet some general conclusions can be 
drawn. In normal pregnancy, the circadian rhythm of 
blood pressure is the same as in the nonpregnant state, 
with a nocturnal decrease in blood pressure, especially 
during sleep (Contard et al., 1993; Halligan et al., 
1996; Murnaghan et al., 1980; Redman et al., 1976; 
Sawyer et al., 1981; Seligman, 1971). This circadian 
pattern also is observed in people with chronic hyper- 
tension (Murnaghan et al., 1980; Redman et al., 1976), 
and the nocturnal dip is even amplified in some cases 
(Redman et al., 1976; Sawyer et al., 1981; Seligman, 
1971). In patients with mild preeclampsia, however, the 
nocturnal blood pressure decrease may be less pro- 
nounced (Halligan et al., 1996; Murnaghan et al., 
1980; Sawyer et al., 1981; Seligman, 1971). Women 
with severe preeclampsia may show a reversed circadi- 
an rhythm with an increase in blood pressure during 
sleep (Redman et al., 1976; Sawyer et al., 1981) and/or 
no decrease in nocturnal blood pressure (Sawyer et al., 
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1981); thus, they are more  susceptible to a hypertensive 
crisis a t  night. 
Further research is needed to determine whether 
the circadian rhythm alterations are iatrogenic (i.e., bed 
rest, dimmed room for 24 hours a day, nighttime dis- 
turbance in hospitals), pathologic, or a combination of 
both. The results of such studies will direct whether cir- 
cadian rhythm disturbance can be used as a n  indicator 
to change the client's environment or as a supplemental 
predictor of preeclampsia. In addition, further research 
is needed to establish the effects of chronopharmacolo- 
gy on chronic hypertension and preeclampsia. 
Knowledge of the potential circadian changes in 
the human biologic system is a valuable diagnostic tool. 
Further research is needed to apply this knowledge to 
practice. 
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